Response of flowering has become an attracting field for plant breeders and is prerequisite in plant introduction process from different ecogeographical origins. Time of flowering is mostly induced by the day-length or photoperiod and temperature. Amaranth (Amaranthus sp.) is known as multipurpose plants and utilized as grains or as vegetables. Under tropical environment, likewise in Indonesia, the requirement of day-length to induce flowering in amaranths is unrevealed as the day-length remains always constant with approximately 12 hours per day. During the introduction of amaranth to Japan, we would like to confirm the type of amaranth, which in general has been theoretically classified as short day plants. Under the variation of day-length ranging from 9 up to 15 hours during the four seasons in Japan, thus, we confirmed that amaranth as short day plants. Although, the vegetable ones required day-length up to 12 hours. Such conclusion was obtained from the flowering response of 69 accessions representing amaranth's eco-geographical variations within two consecutive years. Seeds were sown in two replicates. Plant nursery was conducted on the Norin-Ijutsu Centre belongs to the University of Tsukuba. Mean values from two replicates were obtained and the average was then further subjected to Principle Component Analysis (PCA) [JMP ver. 7.0 (SAS Institute, USA)]. Thus, PCA was able to differentiate the flowering tendency within the three types of amaranths in the form of three ellipsoids.
Introduction
Response of flowering has become an attracting field for plant breeders and is pre-requisite in plant introduction process from different ecogeographical origins. By manipulating flowering time in commercial crops, this would enable plant breeders to increase yield. Thus, time of flowering is recognized as an important adaptive trait [1] . In regard to flowering response, amaranth (Amaranthus spp.) generally has a wide variation of flowering types, ranging from short-day up to day length insensitive types [2] . Such wide variation in terms of adaptive characteristics has enabled them to be distributed in various continents [3, 17] . Generally, it is classified as short day plants meaning that flowering will be promoted under the exposure of at least 8 hours' day length or photoperiod and a maximum of 16 hours of day length per day or known as the critical limit. Although, some day neutral varieties are also exist [4] .
Amaranth is also known as multipurpose plants and utilized as grains or vegetables depending on the regional preferences. The two types, moreover, show biologically a distinct character in regard to the biomass allocation in one plant [3] . The highly nutritious vegetables such as A. blitum, A. viridis, and A. tricolor L. are widely grown in the humid tropical low-lands and serve as high protein green leafy vegetables. The most representing and commercial one is A. tricolor L. [5] . Meanwhile, the grains of A. caudatus L., A. cruentus L., A. hybridus and A. hypochondriacus are more pronounced in most of the northern hemisphere regions. They are also known as pseudocereals plants, highly nutritious, and mostly consumed in the same way as cereals [6] . Beside the two cultivated types, some weedy relatives in amaranths including true-weeds such as the very early flowering represented by A. retroflexus are also exist with a wide variability of flowering time [7] .
Photoperiodic flowering response is defined as the degree to which extent plant's varieties can adjust their flowering under different environmental cues e.g. day length, sowing dates, temperature, that would affect growth characteristics in one plant [8] , [9] , [10] , including in amaranth [6] . Although, previous studies concluded that variation of flowering was more relatively affected due to day-length in amaranths rather than temperature [2] . There are various differences between the grain and vegetable amaranths, such as: plant morphology and physiology, plant organ parts that are harvested, breeding targets, and different tendency of flowering response. These traits might be resulted from plant adaptation and man-made selection. In temperate growing regions, the varieties of grain amaranths with earlier flowering are preferred as this may facilitate the inflorescences to produce more seeds during the life cycle. Contrastingly, under the tropical climate, delayed flowering in vegetable amaranths is more favored as this may extend the vegetative growth period, which finally leads to increase the number of the produced biomass [11] .
Under tropical condition at the equator such as in Indonesia, where day-length remains always constant with more or less 12 hours daily, the photoperiodic response of amaranth is unrevealed. When amaranth was dislocated and introduced into temperate regions such as in Japan, thus, we hypothesized that those amaranths originated from the tropics would show their photoperiodic flowering response. The collected data would be useful for preliminary data prior to their introduction as potential summer vegetable types in Japan. Therefore, in this study, we would like: 1) to investigate the photoperiodic flowering response in Amaranthus under the cool-temperate regions such as in Japan; 2) to differentiate the Amaranthus' types based on the Principle Component Analysis (PCA). Table 1 listed the materials used during the experiment. 
Materials and Methods

Plant Materials
Experimental Site
Previous experiment was stationed at the experimental field at the Agriculture and Forestry Research Centre belongs to the University of Tsukuba (Ibaraki, Japan). The city is located at 28 m above sea level (a.s.l.) at 36 o 07'01.71" latitude and 140 o 05'40.24" longitude. Ibaraki Prefecture been grouped in 'Cfa' according to the Köppen-Geiger climate classification. It has a significant amount of rainfall during the year with a humid sub-tropical climate. The Tsukuba city is located at the valley of the Tsukuba Mountain, known as the second highest mountain in Japan. Thus, the temperature is warm, mild, and temperate; ranging from -3 o C in winter and 30 o C in summer. Precipitation is the highest in September, while the lowest is taken place in January, with an average of 167 and 37 mm, respectively.
The capital city of Ibaraki Prefecture: Mito city was referred and its temperature and day length data were put in the graph. Mito is located about 38 km northwest from Tsukuba City, in which its climate tends to be warm and temperate, with a great deal of rainfall with an average of 1,392 mm, even in the driest month. The lowest and highest temperature are -2 o C and 29 o C, with an average of annual one is 13.7 o C [13].
Germination
Within 2010 to 2012, seeds of amaranth were sown four times (table 2). The seeds were germinated in a quadratic plastic tray with 6*6 holes with 4 cm diameter and 4.7 cm depth. Each block was filled in with ready soil ('Metromix' 350, Sungro). Afterwards, 3 to 4 weeks old of seedlings (N= 3-4) were then selected for plant material. Thus, they were then transplanted into clay pots (18 cm diameter; 16.5 cm height) with added fertilizer soil containing 120:1,000:50 mg/l N:P 2 0 5 :K 2 O labelled as 'Sumirin' (pH= 6.7). Pots were then arranged in accordance to a completely randomized experimental design. At the end, only two plants were left in each pot and grown until their maturity. Each accession was prepared in duplicate. 
Flowering Time
Amaranths were nursed and watered daily. Application of insecticide was done if necessary. For each accession number, two plants were reserved for the flowering trait data and the mean value from two plants for each accession was further applied for the statistical analysis. The flowering time was noted as the number of days starting from the sowing date until the time of flowering. This was distinguished by the first emergence of the terminal inflorescence; as some species in amaranths such as A. blitum L. and A. graecizans, they showed the emergence of the auxiliary inflorescences prior to the emergence of terminal one (personal observation). The time of flowering was noted as days after sowing (d.a.s.) .
The capital city of Ibaraki Prefecture: Mito City was taken as a reference for taking the data of day length (photoperiod) in the graph because it was the nearest one from Tsukuba and the distance is 38 km northwest from Tsukuba City. Tsukuba City was not containing in the reference list [14; in Japanese]. Mito City's temperature is more or less similar, only that it has higher precipitation even in the driest month; with an average of 1,392 mm. The lowest and highest temperature are -2 o C and 29 o C, with an average of annual one is 13.7 o C [13].
Temperature and Photoperiod Data
During the experiment, air temperature (maximum-, minimum-values) were recorded in grad Celsius ( o C) by a Thermo Recorder RS 11 (Tabai Espec Corp., Osaka, Japan) daily. The Tsukuba City is located in the valley of the Tsukuba Mountain, known as the second highest mountain in Japan. Thus, the temperature is warm, mild, and temperate; ranging from -3 o C in winter and 30 o C in summer. Precipitation is the highest in September, while the lowest is taken place in January, with an average of 167 and 37 mm, respectively. 
The scores of the Principal Components (PCs) were used in the analysis to detect major characteristics responsible for the majority of the measured variation. In addition to that, there are four major components necessary in order to explain the data: i) component, ii) Eigenvalue, iii) proportion, and iv) cumulative. Further explanation of PCA can be referred in [12].
Results and Discussion
Photoperiodic Flowering Response of Amaranthus
There were three major findings resulted based on our experiment. First, the time of flowering in amaranths can be classified into three categories: i) early flowering accessions (0-60 d.a.s.); ii) middle flowering (61-80 d.a.s.); and iii) late flowering (flowering time later than 80 days). The majority of accessions (51%) was classified in the middle flowering time, while about 44% had been classified in the early group. Very few (0.05%) had flowered more than 80 d.a.s.; mostly represented by the weedy or vegetable types (table 1) . Under the cool temperate condition such as in Japan, where a mean daily temperature was ranging from 19 to 24 o C, we found a pronounced difference in terms of day length, compared to Indonesia. From season I to IV, day length was ranging from 11 to 14 hours were observed. The longest day length or solstice in Japan occurred in June, namely with a day length period 14 hours and 36 minutes (figure 1).
Second, we confirmed that amaranths were short day plants [6] ; as this tendency was performed among the true-weed types, such as A. graecizans (USDA 17/ PI 608661/ IND) and A. retroflexus (US 23/ PI 607447/ JAM). They required only up to 20 and 35 d.a.s.in order to flower in all seasons and this is in accordance with previous result [2] . Furthermore, we also confirmed that most of the grain species required at least a day length less than 12 hours in order enable them to flower. Similar phenomena was also observed in sorghum, which could perform their flowering more rapidly if day length was decreased. Such early flowering under less than 12 hours might be resulted due to human selection process [3] .
Contrasting tendency was observed among the vegetable amaranths. Those required more than 12 hours in order to promote their flowering. In adjacent to that, they also performed a slightly tendency similar to the long day plant type. Such unique flowering characteristic was mostly observed among the tropical origin amaranths such as A. tricolor L. and A. blitum L. This evidence was noted by the data being presented in winter (season III), in terms of flowering response among the tropical amaranths. They significantly delayed their flowering time as a result of cool temperature and day length remained less than 12 hours. This result also confirmed that a day length of 12-13 hours is essential for vegetable ones in order to induce their flowering. Thus, vegetable amaranths are classified as warm-loving plants because they required a longer time to flower on average under 2.6. Statistical Analysis For further statistical data analysis, the average flowering times noted within four seasons (season I, II, III, and IV) were subjected in the data analysis. The distribution of flowering time data was plotted using Sigma Plot version 11. Various statistical analysis such as: one-way ANOVA, t-test, and F-test as well as the PCA were performed by JMP version 7.0 (SAS Institute, Cary, NC, USA). PCA is majorly a data reduction technique or to simplify the data matrix of p variables measured on n objects or samples. Typically, some pairs of variables will be highly correlated and the samples will have a larger variability, measured by the variance or Standard Deviation (SD), on some variables than others. The principle components are each linear function of all the original variables and summarized as: winter condition rather than in warmer seasons (summer, spring) [6] . Similar tendency was also observed by the grain ones as a result of plant adaptation process Third, the Indonesian amaranths were able to adapt and performed their growth until maturity despite a distinct environmental condition from their origins in the tropics. Although, short-day and cooler temperature within season III promoted the extreme delay of flowering up to 16 days than their regular flowering observed in the majority of amaranths (overall mean= 88 d.a.s. ). Furthermore, season or different sowing dates had also affected very significantly the variation of flowering time in Amaranthus; besides the day length and temperature based on the Analysis of Variance (ANOVA) ( 
Flowering Time vs. Quality
As a result of plant adaptation including the domestication of crop plants, these have tremendously changed some of the plant developmental or physiological traits such as seed morphology, plantarchitecture determination or the patterns of branches such as in maize and rice, seed dormancy, As we know, that most of wild or weedy annual plant species present a wide array of natural intraspecific variation in those mentioned traits. Thus, domestication may often have led to a tremendous reduction in regard to seed dormancy trait in many crop plants, as well as shortening or extending the flowering time [15] .
As general major goal, many plant breeders may have altered the seasonal timing of flowering in order to enable them to produce novel varieties with better adaptation traits with particular local environments or under seasonal changing conditions. Moreover, the introduction of new crops mostly requires well-adapted genotypes and an ability to flower in the new environment as this would guarantee their further existence. Thus, timing of flowering is highly regarded as an important adaptive key as well as yield determinant. However, the yield itself is majorly dependant on the current environment and optimum crop management practices [18] .
In cereal plants, including in grain amaranths, flowering should be initiated as early as possible in order to prolong the phase of corn-filling, to avoid difficult environmental conditions, which could endanger seed production or harvest (e.g. extreme heat or frost) or to escape pest attack. In adjacent to that, the maturation of grain amaranth would face some difficulties such as slowing the plant dry down if it is grown under long photoperiods of the temperate climate. Contrastingly, extension of the flowering might be promoted in many crops grown for biomass (e.g. maize, sugar cane) or for leafy parts in vegetable crops. This tendency is also applicable for the vegetable amaranths, where much more leaves are expected to be produced during the vegetative growth period. Therefore, studying the flowering time variation is applicable to select appropriate parental lines for future breeding purposes in amaranths and finally, leading to yield improvement [16] .
Principle Component Analysis (PCA)
Principle Component Analysis (PCA) was effective to differentiate visually the amaranths' types (grain, vegetable, and weedy); based on their photoperiodic flowering response in three-dimensional axis ( figure 2.A, B , and C). The ellipsoid from each type of amaranth had different size of area and forms; obviously by the grain ones (figure 2.C). The weedy types showed the biggest area of ellipsoid and a quite broad variation exist -compared to the cultivated ones (figure 2.A). This can be perceived that a wider variation in terms of flowering period is exist within those types and thus, they are mostly proposed as the putative progenitors from the grain and vegetable ones (figure 2.B and C). In general, many wild or weedy plants possess a high degree of variation not only in morphology but also related to their tendency in order to enable them to be widely distributed and to better adapt with the current environment. Such distinct characters; namely the high diversity in terms of photoperiodic flowering response along with an ability to produce great quantities of small seeds at once attributed in amaranths, is very advantageous adaptive character for their rapid widespread all over the world [6] .
The second biggest ellipsoid was presented by the vegetables ones, in which the form is similar but the total area size was much smaller than the first one. Thus, this can be concluded that vegetable ones resembled their weedy progenitors in terms of the requirement of day length and growing period in order to initiate flowering, namely in the range of 12-13 hours and 58-80 days after sowing, respectively. In adjacent to that, this also showed that vegetable types do not depend greatly upon human intervention for survival. A significant much smaller size of area and different form of ellipsoid was presented by the grain ones. It seems that the ellipsoid is much more exerted at the longitudinal zaxis. Such remarkable differences in terms of form, can be interpreted that a very intense artificial selection had been applied by the grain ones; probably in the past during the domestication process of the grain types. Based on our results, we can conclude that PCA was able to be applied as practical tool to group the accessions based on the response of flowering and an effective method to further select potential line in any breeding efforts. 
Conclusion
The flowering variation was exist in the studied material of amaranths. Thus, the variation within the accessions applied in this experiment seemed to suffice to be inclusively applied by the investigation of amaranths' photoperiod flowering response. In general, the variation of its photoperiodic flowering response was relatively great; ranging from 30 to 140 days under the cool-temperate condition such as in Japan. Amaranth is confirmed to be a short-day plant, although the vegetable and weedy require more than 8-hours to promote flowering. Based on their flowering tendency, they can be classified into three groups: early (0-60 d.a.s), middle (61-80 d.a.s) and late flowering (more than 80 days). Moreover, PCA application was also useful in order to distinguish the response of flowering observed in each accession. A greater variation distinguished with a wide three-dimensional ellipsoid was formed by the PCA results delivered by the weedy amaranths or true weed types; if compared with the other two domesticated ones. Further research should be conducted in the area of molecular works or in terms of Quantitative Trait Loci (QTL) in order to uncover the (responsible) major-genes involved in determination of flowering in amaranths.
